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Abstract⎯A procedure is proposed for the direct determination of lead in sea water by electrothermal atom-
ization high-resolution atomic absorption spectrometry. The effect of background interferences due to sea
water matrix is eliminated using a mixed modifier barium nitrate–hydrofluoric acid. The optimum amount
of the modifier matrix is 60 μg Ba (NO3)2 + 1.52 μg HF. The conditions of analysis are as follows: pyrolysis
temperature 600°C, atomization temperature 1200°C. The limit of detection for the developed procedure is
0.0003 mg/L.
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It is known that lead is an ecotoxicant negatively
affecting various biological processes [1]. The deter-
mination of its concentration in environmental sam-
ples belongs to high-priority tasks. The concentration
of lead in uncontaminated natural waters of the World
Ocean is, on the average, 0.01–0.02 μg/L [2]; however
the maximum permissible concentration of lead in sea
reservoirs for fishery use in the Russian Federation is
established at 0.01 mg/L [3].

Sea is a complex sample for direct analysis because
of the rather high concentration of salts dissolved in it.
The main part of the inorganic matrix of the sea water
is presented by salts of alkali and alkaline-earth metals
[4]. It was shown [5] that the salt matrix negatively
affects the reproducibility and accuracy of the results
of metal determination in sea water. This is due to con-
siderable chemical and spectral interferences, also
caused by the joint atomization of the matrix and an
analyte.

The majority of present-day procedures for the
determination of heavy metals in sea water are based
on the use of electrothermal atomization atomic
absorption spectrometry. The stage of sample prepa-
ration, often necessary is this case, consists in the
extraction of metals with organic complexants [6–10].
This stage is rather laborious and takes a lot of time.
The need in sample preparation is due to the fact that
inorganic salts forming the sea water matrix are high-
boiling and cannot be removed at the pyrolysis stage.
The atomization temperatures of the majority of these
salts are comparable with the atomization temperature

of lead [11]. This results in the formation of molecular
vapor at the atomization stage, which is a source of
background interferences.

A version of the direct determination of lead in sea
water without sample preparation is known. In this
case, the main components of sea water interfering
with the determination of lead are sodium chloride
and sulfate [5, 12–15]. To reduce the effect of the
matrix, chemical modifiers were introduced into the
atomizer together with the sea water, and this
approach has received wide acceptance. The modifiers
are used for the temperature stabilization of elements
with rather low atomization temperatures and for the
prevention of their preliminary atomization at the
pyrolysis stage (magnesium nitrate; precious metal
salts, i.e., palladium, platinum, and iridium nitrates)
[12–18]. Modifiers capable of entering chemical reac-
tions with the matrix, i.e., ammonium nitrate and oxa-
late or oxalic acid, are also used. They form easily vol-
atile components on interaction with the matrix and
are removed at the pyrolysis stage [19]. For example,
the sublimation temperature of NH4Cl is 210°C; the
decomposition temperatures of ammonium and
sodium nitrates lie in the range from 380 to 600°C
[20]. In [5], hydrofluoric acid was used as a chemical
modifier for the reduction of the background signal of
chlorides. This modifier reacts with chlorides with the
formation of volatile hydrochloric acid, which is
removed at the drying stage. The obtained sodium flu-
oride is atomized at 1700°C [20], i.e., at the tempera-
ture of higher than the atomization temperature of
444
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Table 1. Temperature program of the determination of lead in sea water

Parameter Drying Pyrolysis Stage without 
gas blowing Atomization Cleaning

Temperature, °C 80 90 350 Varied Varied Varied 2450
Heating, K/s 6 1 50 300 0 1500 500
Temperature 
retention, s

30 30 20 10 5 4 4

Gas f low Max. Max. Max. Max. 0 0 Max.
lead, and does not affect its determination. The selec-
tion of new modifiers for the determination of lead in
sea water without sample preparation, aimed at
increasing the reliability and reproducibility of the
results of analysis, is an urgent task.

The goal of this work was the selection of modifiers
for reducing the effect of the salt matrix and develop-
ing a procedure for the determination of lead in sea
water by atomic absorption spectroscopy.

EXPERIMENTAL
The test samples were samples of sea water selected

at the depth 200 m in the Greenland Sea. The samples
were selected in plastic containers and preserved with
nitric acid to pH 1–2. The salinity of water was 33 g/L.

Equipment. We used a ContrAA 700 high-resolu-
tion atomic absorption spectrophotometer (Analytic
Jena, Germany) with pixel background correction, a
continuous spectrum radiation source (high-pressure
arc xenon lamp), and a transversely heated graphite
furnace with a platform. Lead was determined at the
wavelength 283.3060 nm. The measured signal was
evaluated by the area of peak recorded at three pixels:
the main (283.3060 nm) and two side ones (±12 pm).
An inert gas, high-purity (99.998%) argon, was used as
a shielding gas. The test solution was placed in a
graphite cell using an AS-52s autobatcher. The volume
of the sample was 10 μL. The temperature program of
the determination of lead is presented in Table 1.

Reagents and materials. We used a Merck multiele-
ment standard in 0.1 M HNO3 to construct a calibra-
tion dependence. The modifier was hydrofluoric acid
of chemically pure grade (45%) (Sigmatek), palladium
and magnesium nitrates (98%) (Merck), and chemi-
cally pure barium nitrate (Neva Reaktiv).

Preparation of solutions. A model solution of sea
water [4] was prepared using reagents of chemically
pure and better grade. Weighed portions taken on ana-
lytical balances, 23.476 g of sodium chloride, 4.981 g
of magnesium chloride, 3.917 g of sodium sulfate,
1.102 g calcium chloride, and 0.664 g of potassium
chloride, were put in an 1 L volumetric f lask and made
up with deionized water. Individual salt solutions were
prepared similarly, by adding a salt weighed portion to
a 1 L f lask.
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The modifiers were prepared as follows: a 0.5-g
weighed portion of barium nitrate weighed on analyt-
ical balances was placed in a volumetric f lask and
made up to 1L with deionized water. The HF modifier
(45%) was added directly to the graphite furnace.

RESULTS AND DISCUSSION
Identification of background interferences. It is

known [16–19] that chlorides and sulfates signifi-
cantly affect the reproducibility of the results of anal-
ysis, especially at low limits of detection. The study
performed showed that matrix components signifi-
cantly affected the results of lead determination. The
signal observed at the wavelength 273.8 nm overlapped
with the signals of interferences due to the salt matrix
(Fig. 1).

To exclude possible effects of various components
of sea water, other than sulfates and chlorides, on the
determination of lead, we recorded spectra of model
sea water. A comparison of the spectra of real and
model sea water showed their identity (Fig. 1).

We recorded spectra of individual salt solutions
under identical conditions. It can be seen in Fig. 2a
that the spectra of magnesium, calcium, and potas-
sium chlorides are free from strong f luctuation inter-
ferences, characteristic for the spectra of sea water.
The spectrum of sodium sulfate (Fig. 2b) was almost
identical to the spectrum of sea water. Sulfate ions
strongly affected the results of lead determination
because of spectral superpositions.

Therefore, it was found that the interfering effect of
sea water matrix was due to only the presence of sul-
fates and chlorides in it. The further studies were
aimed at the elimination of these effects.

Selection of modifiers for the direct determination of
lead. The interfering matrix must be eliminated for the
direct determination of lead in sea water. To remove
sulfates, we chose a barium nitrate solution with the
concentration 5 g/L as a chemical modifier; it was
added in excess to ensure the complete interaction of
the sulfate ions of sea water with the formation of bar-
ium sulfate, for which atomization temperature is
higher than the atomization temperature of lead [11].

The determination of the concentration of lead
ions in sea water with additions of lead ions (total con-
o. 5  2019



446 SOBOLEV et al.

Fig. 1. Absorption spectrum in the determination of lead in
(a) sea water and (b) in a model solution imitating sea
water.
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Fig. 2. Absorption spectrum in the determination of lead in
the presence of (a) sodium chloride and (b) sodium sulfate. 
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centration of lead 0.05 mg/L) and the use of a barium
nitrate modifier (Fig. 3a) allowed us to significantly
reduce spectral interferences. However, the spectrum
in this case exhibited a rather intense background sig-
nal due to the presence of chloride ions, the peak of
which superimposed with the analyte peak (Fig. 3b).
To exclude the simultaneous effect of sulfates and
chlorides in the direct determination of lead concen-
tration in sea water, we proposed to add a mixed mod-
ifier barium nitrate–hydrofluoric acid to the test sam-
ple. Barium nitrate prevents the simultaneous atomi-
zation of sulfates and lead, and hydrofluoric acid
removes chlorides from the sample at the pyrolysis
stage. The spectrum exhibits no f luctuations, and the
background signal is insignificant and does not over-
lap with the maximum of the analytical signal (Fig. 4).

The next step of investigation was the selection of
optimum temperatures for atomization and pyrolysis,
and also the weight ratio of the chosen modifiers –
barium nitrate and hydrofluoric acid – for the
achievement of the best sensitivity at the minimum
effect of the matrix on the results of analysis and a
decrease in the effect of aggressive media on the
graphite furnace. It was found (Table 2) that the min-
imum volumes of modifier solutions completely elim-
inating the effect of the matrix on the determination of
lead in sea water were 12 μL of a solution of barium
nitrate with the concentration 5 g/L and 3 μL of 45%
JOURNAL O
hydrofluoric acid added to 10 μL of a sea water sam-
ple. Therefore, the optimum weights of modifiers were
60 μg of Ba(NO3)2 and 1.52 μg of HF.

To determine the optimum atomization tempera-
ture, we compared absorbance signals of standard lead
solutions with the concentration 0.05 mg/L in 0.1 M
nitric acid and in sea water on varying this parameter.
It can be seen in Fig. 5 that the optimum atomization
temperature is 1200°C. Similarly we selected the opti-
mum temperature of pyrolysis (Fig. 6), which was
600°C. Under the chosen conditions, we observed the
minimum distinctions in the analytical signals of the
standard solution and the solution of lead in sea water.

Tests of procedure for the determination of lead.
Analyses of real sea water samples were performed
under the chosen conditions. The concentration of
lead was calculated by a calibration dependence (coef-
ficient of correlation 0.9996); characteristic concen-
tration and the limit of detection for lead were deter-
mined.

To confirm the reliability of the determination of
lead in sea water under the selected conditions, we
used the added–found method. Lead was determined
using a mixed modifier composed of 12 μL of a
Ba(NO3)2 solution (5 g/L) + 3 μL of 45% HF under
the chosen temperature conditions.

It was shown that the proposed approach ensures
the elimination of the matrix effect of sea water in the
determination of lead without preliminary sample
preparation. On the introduction of lead ions in the
F ANALYTICAL CHEMISTRY  Vol. 74  No. 5  2019
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Fig. 3. (a) Absorption spectrum of sea water with an addi-
tion of a modifier – barium nitrate (pyrolysis temperature
600°C, atomization temperature 1200°C, lead concentra-
tion 0.05 mg/L); (b) change of absorption signals with time
(1) background signal, (2) useful signal). 
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Fig. 4. (a) Absorption spectrum of sea water with an addi-
tive of a modifier barium nitrate–hydrofluoric acid (pyrol-
ysis temperature 600°C, atomization temperature 1200°C,
lead concentration 0.05 mg/L), (b) change of absorption
signal with time (1) background signal, (2) useful signal). 
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concentration 0.050 mg/L into the sea water,
0.047 mg/L of lead was found. The error of determina-
tion by the spike recovery test was 6.0% and the stan-
dard deviation was 0.0041 mg/L.

By the previous results of ten replicate determina-
tions of lead ions in sea water under the conditions
chosen (temperature of pyrolysis and atomization,
ratio of modifiers), the characteristic concentration of
lead was 0.00035 mg/L and the limit of detection for
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 74  N

Table 2. Absorption signals on changing the concentration o

* Concentrations of barium nitrate solution and hydrofluoric acid w

Composition of modifier mixture* Useful signal at th

12 μL Ba(NO3)2 + 2 μL HF 0.

12 μL Ba(NO3)2 + 4 μL HF 0.

12 μL Ba(NO3)2 + 5 μL HF 0.

4 μL Ba(NO3)2 + 3 μL HF 0.

6 μL Ba(NO3)2 + 3 μL HF 0.

10 μL Ba(NO3)2 + 3 μL HF 0.

12 μL Ba(NO3)2 + 3 μL HF 0.

14 μL Ba(NO3)2 + 3 μL HF 0.
lead was 0.0003 mg/L, which is about 30 times lower
than the maximum permissible concentration for fish-
ery reservoirs. Relative error at P = 0.95 was 2.9% at
the analyte concentration 0.005 mg/L [21, 22].
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Fig. 5. Analytical signal as a function of atomization tem-
perature. Pyrolysis temperature 600°C, lead concentration
0.05 mg/L; (1) real sample; (2) standard. 
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Fig. 6. Analytical signal as a function of pyrolysis tempera-
ture. Atomization temperature 1200°C, lead concentration
0.05 mg/L; (1)real test; (2) standard. 
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